that have received due emphasis in the promotion of agricultural production, and it is considered as the -millennium crop‖ expected to contribute to ensuring food security in Ethiopia. Although rice is introduced to the country very recently, it has proven to be a crop that can assure food security in Ethiopia, the second most populous nation in SSA (MoARD, 2010).
Optimum seeding rate and proper adjustment of row spacing are the most important production factors for higher grain yield. Spacing determines the number of plants per unit area (Yoshida et al., 1981) . The plant toplant and row to row distance determines the plant population per unit area which has direct effect on yield. Closer spacing hampers intercultural operations, more competition arises among the plants for nutrient, air and light as a result plants become weaker and thinner and consequently, yield is reduced (Alam et al, 2012) . Wider spacing also allows more competition among crop plants and weeds. As a result plant growth slows downand their grain yield decreases.
On the other hand, Closer spacing increases competition among plants for nutrients, air, light, which results in weaker plants, mutual shading thus favors more straw yield than grain yield . Lower and higher plant densities have a positive influence on the yield of rice (Harris et al, 2015) . High seeding rate leads to non-productive tillers, more severe disease pressure and susceptible to lodging (Garba et al, 2013) .Optimum plant spacing ensures the plant to grow properly with their aerial and underground parts by utilizing more solar radiation and nutrients (Mohaddesi et al., 2011) .
There are a number of agronomic management constrains with this crop. Rice is becoming a high potential crop and there is a lack of appropriate agronomic management recommendations that could help to maximize the productivity of the cultivation techniques in the study area. Among the rice production constrains seed rate and row spacing is an important factor Fogera Plain. Area specific recommendation of seed rate is vital to set optimum seed rate and row spacing for rice production in the study area. Therefore the objective of the present study is to determine the effect of row spacing and seed rate on yield and yield components of rice in Fogera plain.
MATERIALS AND METHODS

Site Description
The experimental site is located at 11 0 49'55 North latitude and 37 0 37′ 40 East longitudes. The altitude of the experimental site is 1815 meters above sea level. The average mean annual minimum and maximum temperature is 12.75 0 C and 27.37 0 C, respectively. The main rainfall is in July and August (Fig. 1 ). The experiment was conducted from 2017 to 2018.
Figure1.
The Average rainfall and temperature condition of Fogera plain for the period of 1981-2017.
Treatments, Design and Management
The treatments consists a factorial combination of four levels of row spacings (15, 20, 25and 30cm) and seven levels of seed rates (40, 60, 80, 100, 120,140 and160 kgha -1 ) in randomized complete block design with three replications. The gross plot size was 3m*4 m. The net plot was made by excluding the left and right two outer rows and a plot length of 0.5 m from the top and bottom sides of the plot area. Thus the net plot size for the respective row spacings (15, 20, 25 
Data Collected
Data's such as plant height (cm), Panicle length (cm), number of total tillers/row meter length, number of effective tillers/row meter length,, thousand seeds weight, grain yield, straw yield and harvest index were recorded from the net plot.
Statistical Data Analyses
All collected data were subjected to analysis of variance (ANOVA) using SAS software version 9.2 (SAS-Institute, 2008). Combined analysis over locations and years was performed. Between treatments, comparisons of means were made using the Least Significant Difference (LSD) test at 1 and 5% probability levels. The mean grain and straw yield data was adjusted by 90% and economic analysis was carried out by following CIMMYT (1988) procedures by taking all variable costs. The prevailing cost of inputs and out puts in year 2019 considered for the analysis. The cost of rice grain and straw were Birr 13.5 and 1.2 /kg, respectively. Total costs that varied ( seed and planting cost) for each treatments was calculated and treatments were ranked in order of ascending total variable cost (TVC) and dominance analysis was used to eliminate those treatments costing more but producing a lower net benefit than the next lowest cost treatment. The prices of the inputs that were prevailing at the time of their use were considered for working out the cost of cultivation. Net returns per hectare were calculated by deducting cost of production per hectare from gross income per hectare. A treatment which is non-dominated and having the highest net benefit is said to be economically profitable (CIMMYT, 1988 ).
RESULTS AND DISCUSSION
The analysis of variance exhibited that seed rate had significantly (P< 0.05) influenced panicle length. Whereas, row spacing and interaction effect did not show significant effect on panicle length.( Table  1 ).The highest panicle length (18.6 ) was observed at a seed rate of 40 kgha -1 and the lowest panicle length (17.1 and 17.2) recorded from 160 and 140 kg ha -1 seed rate respectively ( Table 2) . At the lower seed rate of 40 kg ha-1 , the panicle length was higher compared to higher seed rate of 140 and 160 kg ha-1 . This might be due to more free space between plants at the lower seed rate and less intra- (2010) reported that the longest spikes were obtained from 250 and 300 grains per m 2 but without significant differences between both of them.
The analysis of variance indicated that the main effects of seed rate and row spacing highly significantly (p<0.01) affected both number of total and effective tillers per row length. Moreover, the interaction of seed rate and row spacing also highly significant (P<0.01) (Table1) The maximum number of total tillers per row meter length (66.5) and the minimum (56.3) were recorded from the seed rate of 140 kg ha-1 and 60 kg ha-1 , respectively ( Table 2 ). In regard to the row spacingmore number of total tillers per row meter length (65.5) was recorded from (30 cm) row spacing .On the other hand, smallest number of total tillers per row meter length (54.8) was observed from 15 cm row spacing. With regard to the interaction effect, the maximum number of total tillers (75.85) was obtained at 120 kgha -1 seeds rate and a row spacing of 30 cm ( Table 3 ).
The analysis of variance indicated that the main effects of seed rate and row spacing highly significantly (p<0.01) affected number of effective tillers per row meter length (Table 1 ). However, the interaction effect of seed rate and row spacing also had highly significant (p<0.01) effect on number of effective tillers per row meter length. The highest number of effective tillers per row meter length (64.96) was observed at seed rate of 140 kg ha-1 while the lowest number of effective tillers per 1m row length (55.28 and 54.95) observed at seeding rate of 40 and 60 kg ha-1 respectively and statistically similar. In addition to this the highest number of effective tillers (63.79) per row meter length was recorded at row spacing of 30 cm while, the minimum number of effective tillers (53.73) per row meter length was recorded at row spacing of 15 cm (Table 2) .
Wider spacing produced higher tillers per hill than closer spacing. The production of more tillers in widely spaced plants was probably due to absorption of more nutrients and moisture and also to the (Haque, 2002) .This result was also in agreement with (SewunetAshebir, 2005 ) reported the highest effective tillers were recorded at medium spacing performed better as compared to lower spacing. (Yamada, 1961) also showed that under dense planting, the growth of each plant decreases and the size of the plants and productive tillers become smaller. The more densely the rice plants, fewer are the number of stems or tillers and productive tillers per hill but their number increases per unit area.
Analysis of variance showed that the main effect of seed rate and row spacing had highly significant effect (P < 0.01) on grain yield. On the hand seed rate affected significantly (P < 0.01) straw yield (Table 1 ). However, the interaction effect of seeding rate and row spacing showed highly significant (p < 0.01) effect on grain yield but not in straw yield ( Table 1 ). The highest grain yield (3.45 tha -1 ) was obtained at the seed rate of 100 kg ha-1 and the lowest grain yield (3.1 t/ha-1 ) was obtained at seed rate of 160 kg/ha ( Table 2 ). The row spacing of 25 cm produced maximum grain yield (3.31 t/ha-1 ) followed by 30 and 20 cm (3.2 and 3.1 t/ha 1 ) respectively and the lowest grain yield (3.12 t/ha) was observed at a row spacing of 15 cm. From the above result it could be suggested that as seeding rate increased there was no significant and proportional yield increment observed. Likewise, grain yield of rice, was significantly affected at optimum seed rate but further increase in seed rate did not increase the yield. (Balocket al., 2002) who reported that the increased plant spacing considerably resulted in vigorous plant growth and caused a significant increase in number of panicles per hill, grain yield per hill, filled grain per panicle and thousand grain weights. Furthermore, other workers (Mosalemet al., 2000) reported that increasing seeding rates decreased the number of spikelets/panicle, spike length, number and weight of grains/spike in wheat. Grain yield of rice increased with the increase in the number of plants per unit area as long as there is space in the cultivated areas. When planting density exceeds optimum level, competition among plants for light above ground and for nutrients below ground becomes severe. Consequently, plant growth slow and grain yield decreases. Zeng and Shannon (2000) reported that the reduction in fertility at high density was one of the causes for the reduction of seed yield per plant with the increase of seeding density.
The main effect of seed rate highly significantly (P < 0.01) affected straw yield whereas the main effect of row spacing and its interaction effect didn't show significant (p>0.05) effect on straw yield ( Table 1 ). The highest straw yield (6.51 and 5.96 tha -1 ) was observed at seed rate of 100 kgha-1 and 160 kg ha -1 which is statistically similar. While the lowest straw yield (4.75 t ha -1 ) was found with a seed rate of 40 kg ha -1 (Table 2 ). There was a linear increase in straw yield as the seeding rate was increased. However, it was statistically in parity with in straw yield obtained in response to the seeding rate of 60, 80 and 140 kg ha -1 . The lowest spacing might have influenced vegetative growth in terms of plant height and number of tillers per hill (effective and non-effective tillers) which resulted in increased straw yield. also reported a similar results and the higher straw yield was obtained in 20 cm row spacing in rice.
Harvest index represents the ratio of grain yield to the total above ground dry matter production (Marschener, 1995). The present results showed that harvest index was highly significantly (p<0.01) affected by seed rate but not by row spacing and its interaction effect ( Table 1 ). The highest harvest index (38.68%) was recorded at a seed rate of 40 kg ha-1 while lowest harvest index (35.1%) was recorded at the seeding rate of 100 kg ha -1 respectively, ( Table 2 ). The ability of a cultivar to convert the dry matter into economic yield is indicated by its harvest index. The higher the harvest index value, the greater the physiological potential of the crop for converting the dry matter to grain yield. One of the ways to increase the yield is to increase harvest index. Sink formation and ripening are the two physiological processes that explain the improvement in HI (Akita, 1982).Based on the principles of economic analysis CIMMYT (1988), the minimum acceptable marginal rate of return (MRR %) should be 100%.The economic analysis was done on the basis of the prevailing prices of variable costs using the Ethiopian currency (Birr). Grain and straw yields adjustments, calculations of total variable costs (TVC), gross benefits (GB) and net benefits (NB) were performed (Table 4 ). Dominance analysis was performed after arranging the treatments in their order of TVC. Treatments are considered as dominated if it has higher TVC but lower NB than a previous treatment with lower TVC and higher NB ( Table 5 ). Non dominated treatments were taken out and marginal rate of return (MRR) was computed ( Table 6 ). Highest NB (Birr 50982.5 ha -1 ) with acceptable level of MRR (913.01) was observed at a row spacing of 20 cm and 100 kg seed rate ha -1 ( Table 6 ). The combined application of a seed rate of 100 kgha -1 and 20 cm row spacing is the most profitable rate to be recommended for rice production in Fogera plain.
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SUMMARY AND RECOMMENDATION
Treatments had a significant effect on yield and yield components of rice. Among the treatments, drilling 100 kg ha-1 seed rate and a row spacing of 25 cm produced maximum grain yield (3.3t/ha-1 ) than other treatments. Partial budget analysis also revealed that highest NB (Birr 50982.5 ha -1 ) with acceptable level of MRR (913.01) was observed at a row spacing of 20 cm and 100 kg seed rate ha -1 . Therefore the combined application of a seed rate of 100 kgha -1 and 20 cm row spacing is the most profitable rate to be recommended for rice production in Fogera plain and other similar agroecologies. ) GY, Average grain yield (t ha -1 ) AGY= Adjusted grain yield ( ton ha -1 ); SY=Average straw yield (ton ha -1 ) ASY= Adjusted straw yield ( ton ha -1 ); GB= Gross benefit (Birr ha -1 ); NB = Net benefit (Birr ha -1 ) 
Table5. Dominance analysis for seed rate by row spacing interaction for grain yield of low land rice at Fogera
